Transitions of the 6ν 3 overtone band of 14 N 2 16 O near 775 nm have been studied by continuous-wave cavity ring-down spectroscopy. Line positions and intensities were derived from a fit of the line shape using a hard-collisional profile. The line positions determined with absolute accuracy of 5×10 −4 cm −1 allowed us to reveal finer ro-vibrational couplings taking place after J>14 except a strong anharmonic interaction identified by the effective Hamiltonian model. The absolute line intensities have also been retrieved with an estimated accuracy of 2% for a majority of the unblended lines. A new set of ro-vibrational and dipole moment parameters were derived from the experimental values. A comparison between the line positions and intensities of the 6ν 3 band obtained in this work and those from previous studies is given.
I. INTRODUCTION
Nitrous oxide is a greenhouse gas in the atmosphere with a concentration of about 300 ppbv (part-perbillion in volume). It has become the dominant ozonedepleting substance emitted in the 21st century [1] . Accurate spectroscopic parameters, including positions, intensities, pressure-induced shifts, and broadening coefficients are required for remote-sensing missions [2, 3] , the studies of the atmospheres of exoplanets [4, 5] , and trace species detection [6] . The spectra of the main isotopologue 14 N 2 16 O have been systematically studied up to 669 nm with Fourier-transform spectroscopy (FTS) [7−11] , intra-cavity laser absorption spectroscopy (ICLAS) [11−16] , and cavity ring-down spectroscopy (CRDS) [17−20] . Furthermore, the line positions of 14 N 2 16 O in the 0−9700 cm −1 region can be reproduced with an RMS value of 0.00423 cm −1 by a global modeling program using the polyad model of effective Hamiltonian [21] . All line intensities in the range of 0−11000 cm −1 can be calculated with the effective dipole moment parameters [9] . However, the accuracy of some line parameters of 14 N 2 16 O is limited to 20% due to the lack of high precise spectroscopy measurement [22] .
Here we present a quantitative study of the 6ν 3 overtone band of the main isotopologue of nitrous oxide * Author to whom correspondence should be addressed. E-mail: awliu@ustc.edu.cn, Tel.: +86-551-63607632 near 775 nm, using a cavity ring-down spectrometer with high precision as well as high sensitivity. This spectrometer has been previously used to study the extremely weak 6-0 band of carbon monoxide [23] and to determine the absolute frequency of water transitions with an accuracy of about 5 MHz in the 782−840 nm regions [24] . This work is the continuation of a series devoted to the systematic study of high precision absorption spectrum of atmospheric interest species above 1 µm in our laboratory [25, 26] . Line positions and intensities were derived by fitting the recorded spectra with a hard-collisional profile. Investigation of the ground state combination differences confirms that the accuracy of upper level energies is about 5×10 −4 cm −1 , which is over 20 times better than those in previous studies. The improved precision also allows us to findfiner ro-vibrational couplings taking place after J>14.
II. EXPERIMENTS
The configuration of the continuous-wave (CW) cavity ring-down spectrometer based on a Ti:Sapphire laser has been presented elsewhere in detail [27−29] , and the experimental configuration is similar to that used in our previous studies of the overtone transitions of H 2 [26] , CO 2 [25] and CO [23] . The ring-down cavity is about 1 m long and sealed with conflat flanges. The cavity mirrors (Layertec GmbH) have a reflectivity of 99.995% and can be precisely adjusted by a set of stepmotors (New Focus Picomotor) by a controller outside the chamber. The ring-down signal is detected by a photo-diode and recorded by an analog-digital converter (ADLink PCI 9228). A nonlinear least-square fitting program is applied to fit the data to derive the ringdown time τ . The sample absorption coefficient α at the frequency ν is obtained using the equation:
where c is the speed of light and τ 0 is the ring-down time of the empty cavity. The typical noise-equivalent absorption coefficient is 5×10 −10 cm −1 . The spectrum is calibrated using the longitudinal modes of a 10-cm-long Fabry-Pérot interferometer (FPI) made of ultra-low-expansion (ULE) glass. The ULE-FPI (ATFilms Inc.) is thermal-stabilized at about 302 K and installed in a vacuum chamber. Atomic lines of 87 Rb at 780 nm [30] and 795 nm [31] , and of 133 Cs at 852 nm [32] , are used as absolute frequency references. The frequencies of the longitudinal modes of the ULE-FPI are used to calibrate the observed spectrum with an uncertainty better than 10 MHz in the range of 760−850 nm where the group-delay-dispersion of the interferometer is negligible [29, 33] .
The 6ν 3 band of 14 N 2 16 O in the 775.2−781.1 nm region were recorded at room temperature. Natural nitrous oxide gas with a stated purity of 99% was bought from Nanjing Special Gas Co. and further purified by a "freeze-pump-thaw" process before use. Different pressures between 15−50 kPa were used in the experiments. The sample pressure was measured by a capacitance gauge (Shanghai ZhenTai CPCA-140Z; full range 100 kPa) with a stated accuracy of 0.5%. An example of the spectra, the P (15) 
III. RESULTS AND DISCUSSION

A. Transition lists
A "hard" collisional Rautian profile [34] has been applied to fit the spectra recorded at different pressures. The Gaussian width was fixed at the calculated Doppler broadening width. Since the Dicke narrowing parameters derived from fit of the spectra are not physically reasonable in most cases, the narrowing parameters β were also fixed at the values given by the diffusion theory following the relation [35] ,
where k B is the Boltzmann constant, T is the temperature, m is the molecular mass of N 2 O, c is the speed of light, and D is the mass-diffusion coefficient of N 2 O, which can be calculated from Lennard-Jones intermolecular potential parameters [36] . Other line parameters, including the position, intensity, Lorentzian width (half-width at half-maximum) were obtained from the fit. For illustration, FIG. 1(b) shows the fitting residuals of the P(15) line recorded at 50 kPa. The line position at the zero pressure limit and the line intensity were derived by using a linear fit. The results from 87 lines are collected in Table I together with the statistical uncertainties obtained from the fit. Note that the line positions of 44 transitions recorded with only two different pressures were given without uncertainties. The combination differences between the transitions reaching the same upper level for the unblended lines are below 5×10 −4 cm −1 , being consistent with the experimental accuracy.
B. Spectroscopic constants of the upper states
The ro-vibrational energies of 6ν 3 state of 14 N 2 16 O can be expressed with the standard energy level equation:
where G v is the vibrational term value, B v is the rotational constant, D v and H v are centrifugal distortion constants, J is the angular momentum quantum number. The spectroscopic parameters for an upper state were fitted directly to the observed line positions listed in Table I . The ground state rotational constants were constrained to the literature values [37] . A resonance anharmonic interaction between the 00 0 6 and 04 0 5 vibrational states at J ′ =65 and the perturbation by the 04 2 5 vibration state (anharmonic and l-type interaction) at J ′ =53 were found on the basis of predictions of the EH model [38, 39] given in Ref. [16] . For this reason, only levels of J ′ ≤46 were included in the fit and the resulted spectroscopic parameters are given in Table II (row "a"). The spectroscopic constants derived from the fit of the ICLAS data [16] are also included in Table II were used in the calculation. Lower panel: The "b" set of parameters in Table II were used in the calculation. 
C. Vibrational transition dipole moment squared and Herman-Wallis factor
The line strength S(T 0 ) in cm −1 /(cm −2 ·mol) at the standard temperature T 0 =296 K can be deduced using the following equation: O, the Hönl-London factor L(J, l) is equal to |m|, where m is −J for the P branch, and J+1 for the R branch. For the isolated vibrational state of a linear molecule, the rotational dependence of the transition dipole moment squared can be expressed by the well-known expression: Although ICLAS is also very sensitive, due to the interference from atmospheric water absorption around 775 nm, the uncertainty of ICLAS line intensities was claimed to be within 11%, over 5 times worse than this work. A comparison of the line intensities between CRDS and ICLAS measurements is plotted in the lower panel of FIG. 4 . In average, our CRDS intensities are 30% larger than the ICLAS values. We believe that the new experimental results presented in this work will help for further improvement of the effective dipole moment parameter M 006 [16] .
IV. CONCLUSION
New experimental data on the ro-vibrational transitions of nitrous oxide near 775 nm have been obtained O between this work and Ref. [16] . Upper panel: deviation of the line positions from this work to Ref. [16] , lower panel: ratio of the line intensities between this work and Ref. [16] .
with a continuous-wave cavity ring-down spectrometer using a Ti:Sapphire laser. Line positions have been determined with an accuracy of 5×10 −4 cm −1 , and line intensities are determined with a relative uncertainty of about 2% for not-too-weak and unblended lines. Improved sets of rovibrational and dipole moment parameters were determined with new experimental data. The improved precision provides an insight of the intramolecular perturbation taking place after J>14. The new data presented here will be used to refine the effective dipole moment parameter of 14 N 2 16 O. 
